Introduction
The economic assessment of animal health surveillance and intervention programmes is an area of veterinary research that is becoming increasingly relevant. However, analyses focusing on the costs of surveillance and intervention programmes with respect to animal epidemics are generally limited. 1 Bluetongue virus is an arbovirus transmitted by Culicoides midges, whose distribution is known to be influenced by climatic factors. [2] [3] [4] Bluetongue virus (BTV) serotypes, such as 1, 2, 4, 6, 11 and 16, have been spreading throughout Europe since 1998. 5 However, bluetongue virus serotype 8 (BTV-8) was first reported in more northern regions of Europe in 2006. 6 7 The initial case of BTV-8 was confirmed by the Dutch Central Institute for Animal Disease Control, and the virus soon spread to Belgium, Germany, Luxembourg and northern France. [8] [9] [10] The first case in Switzerland was reported in the canton of Basel City in October 2007, 11 and in Austria in the federal state of Upper Austria in October 2008. 12 Both of these initial outbreaks were in regions bordering with Germany, with the canton of Basel City also sharing a border with France.
In accordance with the EU regulation 1266/2007, 13 BTV surveillance and intervention programmes (ie, movement restrictions and/or vaccination) were subsequently initiated in 23 EU countries (including Austria) to reduce the spread of this disease. 14 A variety of active BTV surveillance programmes were initially implemented in the EU, such as risk-based and/or sentinel surveillance i . In adi Sentinel surveillance aimed to detect BTV-8 by observation of a specific and limited number of animals at a specific location and over a predetermined period of time. 38 39 Veterinary Record (2018) doi: 10.1136/vr.104448 dition to these active surveillance ii programmes, passive surveillance iii was applied, as well as routine sampling for animals that were exported, imported or traded within the EU. As agreed in the bilateral veterinary agreement originally signed in 2002, Switzerland (although not a member of the EU) has agreed to follow the EU regulations regarding animal health and disease control and therefore also set up a surveillance and intervention programme at this time. 15 In the study presented here, a retrospective assessment of the implemented BTV surveillance and vaccination programme costs in Austria and Switzerland between 2007 and 2016 was carried out. The objective was to calculate the costs of surveillance and intervention programmes in both countries and to compare these costs with respect to time, type of programme, geographical area and payers. This comparison should allow recommendations for cost-effective approaches to be made in the future. In order to analyse whether costs could be predicted using information readily available in the public domain (eg, livestock population), linear regression models were applied. Additionally, we conducted a scenario analysis for the Austrian cattle export market and also compared the costs of hypothetically reduced export prices of cattle and calves and the programme costs in Austria and Switzerland in order to determine the level where the costs of the BTV programmes would still be covered. Simultaneously, we determined the number of exported cattle and calves needed in Austria and Switzerland in order to offset BTV programme costs.
Materials and methods Description of the surveillance and intervention programmes in Austria and Switzerland
In 2007, at the beginning of the surveillance programme in both countries, bulk milk samples from milk tankers were analysed for the presence of BTV antibodies. 12 16 Bulk milk testing continued until BTV vaccination began in both countries in 2008 and was then reduced due to the difficulties in reliably distinguishing between infected and vaccinated animals in this medium. Besides milk, blood and organ samples were also used for virus detection by PCR.
In Switzerland, 21 out of 76 BTV-8 infected herds were detected by the passive surveillance programme, with the remaining cases identified by active surveillance. 17 A total of 160 infected animals were detected on 76 Swiss farms up to May 2010. In Austria, a total of 28 BTV-8 positive cattle were identified on 14 farms ii In active surveillance, an investigator initiates the data collection by using a predefined action plan. 40 iii The term passive surveillance means that an observer provides animal health data, for example, a farmer or a veterinarian reports symptomatic animals to the authorities and diagnostic testing is subsequently conducted.
between 2008 and 2009 12 during the active surveillance period.
A nationwide mandatory BTV vaccination campaign for cattle, sheep and goats was initiated in both countries in 2008. The mandatory vaccination programme ended in mid-2009 in Austria and spring 2010 in Switzerland. Voluntary vaccination then began in both countries. The main differences between the surveillance and vaccination programmes in Austria and Switzerland between 2007 and 2016 are summarised in Table 1 .
The EU granted freedom from disease status with respect to BTV in March 2011 in Austria and in 2012 in Switzerland. Austria lost its BTV-free status in November 2015 after BTV-4-infected cattle were detected in the eastern regions of the country. In total, 10 BTV-4-infected cattle on seven different farms were identified (as of January 2017). To date, BTV-4 or other BTV serotypes have not been reported in Switzerland. To maintain its BTV-free status, surveillance continues today (2017) in Switzerland and blood samples are routinely taken at slaughterhouses. 18 Serological (2015 and 2016) and virological (2017) surveillance in Switzerland mainly focuses on animals born after completion of the mandatory vaccination campaign in 2011. In Austria, active surveillance is currently based on a sampling plan for different risk areas. Unvaccinated animals are tested on farms with testing intervals between one and three months, depending on perceived level of risk. 19 In both countries, 60 samples per geographical unit are necessary in order to fulfil the requirement of the EU regulation. 13
Calculation of the surveillance and vaccination programme costs in Austria and Switzerland
A retrospective assessment of the surveillance and vaccination programmes for the years 2007-2016 was performed for Austria and Switzerland. The costs were analysed for each of the programmes and years to demonstrate how resource allocation differed between both programmes and countries. Furthermore, these costs were analysed according to national costs (public and private sector) and EU funding. All invoices and data received with regard to the surveillance and vaccination programmes (see online supplementary table S1) were analysed according to their respective geographical locations and were normalised related to the number of animals and farms (in 2009).
The total costs of surveillance and vaccination programmes included costs of the programme implementation and diagnostics. Each of these cost components was divided into labour (eg, farm visit charges of veterinarians per farm, taking samples, laboratory tests, injection of vaccine, database creation and maintenance), material costs (eg, ear tags, vaccination doses, cool boxes for transportation of vaccine, information materials) and other costs (eg, travel costs, purchase of animals for sentinel surveillance, administration costs as well as dispatching samples from the farm to the laboratory). Details of the prices can be found in the online supplementary table S1. Deterministic spreadsheet models for the cost calculation were developed using Microsoft Excel. All monetary values were expressed in EUR (1 CHF=0.66 EUR, according to estimates of the Swiss exchange rate by Häsler et al. 20 We used the linear model approach previously published by Pinior et al 21 to analyse whether the total costs per political district or canton were influenced by readily available data, such as ruminant (cattle, sheep and goat) population and average ruminant herd size. We compared both applied regression models and the corresponding root mean square error (RMSE) after application of the Akaike information criterion 22 in order to assess the predictive goodness-of-fit of the model.
Additionally, we compared the costs of hypothetically reduced export prices of cattle and calves and the programme costs in Austria and Switzerland in order to determine the threshold level of export price change where the costs of the BTV programmes would still be covered. In this context, we assumed that if no BTV programme had been implemented in either Austria or Switzerland, the trading behaviour of foreign countries would have changed due to the increased risk of purchasing possibly infected animals compared with countries with intervention programmes or with BTVfree status. Simultaneously, the required number of cattle and calves exported abroad in order to offset programme costs were examined for both countries for the period 2008-2016.
Besides the preceding market analysis, we conducted an export analysis for the Austrian cattle sector comprising three scenarios. For all three scenarios, we assumed that, as specified by Häsler et al, 20 the number of animals not being exported was instead sold on the domestic market at a 15 per cent loss in market prices compared with export market prices. In the first scenario, we assumed that export of live animals (breeding and productive cattle and calves) decreased by 100 per cent in the year of the initial BTV-8 outbreak (2008) and the subsequent year 2009. The second and third scenario examined Austria's cattle export countries in the EU and non-EU countries. Neighbouring Italy is one of Austria's most important trading partners within the EU and with respect to all export countries accounting for up to 53.1 per cent of all breeding and 
Results
The total costs of the vaccination and surveillance programmes over this 10-year period in Austria amounted to €23. 6 figure 1 ). In Austria, 11 times more BTV laboratory tests were carried out than in Switzerland. Consequently, the distribution of the surveillance costs varied considerably during the study period. The highest surveillance costs were incurred in Austria in 2011 and in Switzerland in 2008 (Fig 1) . In both countries, the surveillance costs increased in the period 2014-2016. Active sampling costs were two and half times higher in Austria than in Switzerland. In contrast, the costs of passive surveillance were approximately six times higher in Switzerland compared with Austria. If the total surveillance costs were divided by the total ruminant population (cattle, sheep and goats), the average costs per animal would be approximately €3.20 in Austria and €1.30 in Switzerland. The spatial allocation of the normalised surveillance costs with respect to the number of ruminants and farms per political district/canton can be found in Fig 2. However, the surveillance costs in Switzerland can be better predicted (R 2 =0.72) by readily available data, such as ruminant population than in Austria (R 2 =0.45), although the percentage error predicted by the model was high in both countries ( Table 2) .
The 
Discussion
A cost analysis is the first step to assess how much the government has spent on implementing disease control and eradication activities. In contrast to the study by Pinior et al 21 in which the costs of the Austrian BTV-8 control programme were calculated from 2005 to 2013, the present study considers the costs incurred in Austria during the EU regulation period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) and compares these expenses with those of the surveillance and vaccination programmes incurred in the non-EU country of Switzerland. The results of the analysis presented here show that BTV surveillance and vaccination programmes incurred considerable costs in both Austria (€23.6 million) and Switzerland (€18.3 million), compared with the relatively small number of BTV-positive animals reported in these two countries between 2007 and 2016. If the previously published costs of vector monitoring 24 were included in this analysis, the total costs of BTV programmes carried out in accordance with the EU regulation would have amounted to €25.0 million in Austria and €18.4 million in Switzerland.
Despite the similarities in topography and agricultural production systems, it is important to note that a direct comparison of the programme costs between both countries is difficult. For instance, the low surveillance costs in Switzerland were caused by an 11 times smaller number of animals being tested compared with Austria, due to differences in sampling periods (Switzerland: from January to May; Austria: entire year until 2011), numbers of exported animals (and thus tested animals) and a different number of geographical sampling areas (Switzerland 16 units; Austria 28 units). Austria was initially divided into 28 geographical units and 91 animals per unit were tested between 2009 and 2011 in order to confirm no virus circulation. From 2011, these divisions were reduced from 28 geographical units to just four units covering the entire country, and from each of these units, approximately 300 animals were tested (Table 1). As part of the Swiss risk-based plan, Switzerland was divided into 16 geographical units, which remain in place today. Furthermore, Switzerland did not implement active surveillance in 2012 and 2013 (Table 1) , but instead used data from the routine surveillance programme to make conclusions about the disease situation and, as such, to comply with the requirements of the EU regulation. Additionally, Switzerland had previous experience (2003/2004) with BTV surveillance programmes 25 in contrast to Austria. One limitation of the present study is that the power of the surveillance system to detect an outbreak or cases, often referred as the sensitivity of surveillance programmes, 26 27 was not taken into account. Such effectiveness analyses should be carried out before implementation of the relevant surveillance programme. 28 The power of BTV surveillance programmes combined with a cost estimation approach was calculated in Switzerland before implementation; however, the Austrian authorities did not carry out this measure. Thus, a number of cost-effective surveillance options were communicated to the Swiss authorities and were considered in their decision-making process, 28 whereas this step was not included in the Austrian procedure. Consequently, we assume that the implemented surveillance programmes were performed at different effectiveness levels in Austria and Switzerland. These variations in sampling strategy and geographical units initially represented the main difference between the Austrian and Swiss surveillance programmes and are likely to, at least partially, explain why surveillance costs in Switzerland were three times lower than in Austria. Compared with the total costs of surveillance and intervention, the surveillance costs make up only a small proportion, a result which is comparable with analyses published by other countries, such as the Netherlands. 29 In both countries, an increase of the surveillance costs can be observed in 2014-2016 due to the higher risk of new BTV infections from neighbouring countries. At the time of writing (April 2017), BTV-4 is still present in Austria, northern Italy, Slovenia, Croatia, Cyprus, Hungary, Slovakia, Romania, Bulgaria, Greece and Spain. BTV-8 re-occurred in France in 2015 iv and is present today v (17 May 2017) .
The costs to the private sector may have been underestimated as the costs of disease treatment and the production losses as a result of BTV infection were not included. Production losses are notoriously difficult to calculate as they are subject to both biological and financial variation. 30 Other authors have estimated the production losses incurred by BTV to range between €197.00 per head of cattle in Germany 31 and €0-€26.00 per cow in the Netherlands. 32 Benefits of control and intervention programmes (primarily measured as avoided production losses) were not quantified in the present study. In contrast to Germany where more than 24 000 animals (2006) (2007) (2008) or in France where 37 000 herds (2007-2008) were infected, 33 34 the production losses due to BTV infection can be assumed to be relatively small in Austria and Switzerland due to the low number of herds affected (21 infected herds in Austria and 76 infected herds in Switzerland; -2016 . Rushton and Lyons 35 pointed out that the authorities' reaction to BTV (ie, intervention measures) may have a greater economic impact than the direct losses themselves.
Further benefits of disease control programmes include continued livestock trade. These factors justify that the private sector bears a major proportion of the BTV surveillance costs. Due to the importance of the cattle export market, a reduction of just 2.2 per cent in cattle export prices in Austria would cause higher costs than the implemented programme itself. Thus, the investments in such programmes are justified due iv https://ec.europa.eu/food/sites/food/files/animals/docs/ad_ control-measures_bt_outbreaks_video_en.mp4 (accessed on 29 July 2017). v https://ec.europa.eu/food/animals/animal-diseases/control-measures/ bluetongue_en (accessed on 29 July 2017).
to reduced spread of BTV infection and to prevent negative market change (especially for Austria).
Austria and Switzerland were both declared to be a single restriction zone at an early stage of the BTV-8 outbreak and thus no 20 or very few 21 costs were incurred with respect to movement restrictions within a country during this period, in stark contrast to France 36 and Germany 31 where numerous restriction zones were established. It has been estimated that the total costs of the BTV-8 epidemic in Germany amounted to approximately €253.5 million (2006-2010), of which trade restrictions and the corresponding diagnostic testing made up 29.5 per cent (€74.8 million) and surveillance cost €3.2 million for the year 2006 only (the costs of the surveillance programmes for the other years were not calculated due to a lack of data). 31 Häsler et al 20 also estimated the costs of the BTV-8 surveillance and intervention programmes between 2008 and 2009 in Switzerland. In that study, the results indicated that the mean cost of surveillance and vaccination activities amounted to approximately €100 000 (per year) and €19 million (2008 and 2009), meaning that the present analysis determined higher costs for surveillance in Switzerland. By contrast, the costs of vaccination in our analysis are approximately €4 million lower than those estimated by Häsler et al. 20 It is important to note, however, that these studies are not directly comparable, due to a variety of data sources (eg, Häsler et al 20 used census data of livestock in order to estimate the vaccination costs in contrast to the present study, where official data originating from veterinary authorities were used). In this context, as is frequently reported in animal health economics studies, the comparability of data is highly dependent on the quality of documentation for costs incurred. 37 The linear model indicated that the vaccination costs can better be predicted by ruminant population and herd size than surveillance costs (Table 2), whereas the prediction error of vaccination costs was higher in Switzerland (30 per cent) than in Austria (14 per cent). This could be explained by the different distribution of the costs between Austria and Switzerland. In Austria, 82 per cent of the vaccination costs can be assigned to labour costs such as operation fees for inspection and injection of vaccine, which correlate with the ruminant population size. In Switzerland, approximately half of the vaccination costs were assigned to material and other costs such as cool box packaging, information material and scientific projects.
The comparison of surveillance and intervention programmes presented here allows authorities to assess recommendations for a more cost-effective approach to disease monitoring in advance, such as focusing sampling on the risk period, in risk areas, passive surveillance or sampling at slaughterhouses. Furthermore, the EU regulation provides scope for surveillance implementation, for example, defining an accurate design prevalence (Table 1) , which can be used to reduce costs of surveillance, without loss of detection accuracy. The involvement and awareness of farmers is also indispensable for passive disease surveillance. This was shown in Switzerland where one-third of all BTV-8 cases were detected via this surveillance form, leading to much lower costs of the overall surveillance programme in Switzerland compared with Austria. Thus, clinical veterinary surveillance, previous experience and the participation of farmers is vital for early detection and to reduce the surveillance costs. It is known that BTV samples in Switzerland were often taken from a farm and the veterinarian subsequently vaccinated livestock on the same farm, effectively halving the necessary farm visits. This could be one reason why the operation fees for inspection during the vaccination programme were five times lower in Switzerland than in Austria. Such differences between comparable countries demonstrate the importance of calculating costs of surveillance and vaccination programmes in advance, as such actions can save veterinary authorities substantial amounts of financial resources while preventing the spread of transboundary diseases and ensuring the health and wellbeing of livestock.
